S
ystematic screening for diabetes is a potentially attractive intervention, because diabetes is a prevalent, 1, 2 costly, 3 and highly morbid illness, and because there is a long asymptomatic phase to the illness. 4 However, few studies support diabetes screening, and computer models suggest borderline cost-effectiveness for diabetes screening. 5 For diabetes screening to be cost-effective, it will be important to utilize a screening strategy that maximizes the yield of screening. Additionally, the quality of follow-up care for patients diagnosed with diabetes at screening will be important to cost-effectiveness. One decision that affects the yield and follow-up is the choice of a location for screening.
There are 2 potential strategies for diabetes screening: community-or population-based screening, and opportunistic screening. Opportunistic screening strategies take advantage of the presentation of the patient to the doctor or medical center (scheduled visit, emergency room visit, inpatient stay) to deliver a public health screening intervention. 6 Traditionally, opportunistic screening is thought to increase yield because patients accessing the health care system may have increased risk factors for chronic diseases. 6 Additionally, opportunistic screening identifies patients in the context of a physician-patient relationship and presents fewer barriers to appropriate follow-up of a positive test. 7 However, the yield of opportunistic diabetes screening could also be substantially lower than in community-based screening, because patients seeing doctors receive some measure of testing for chronic diseases 8 and thus may have their diabetes diagnosed. For example, patients followed for hypertension (HTN) may receive ad hoc diabetes screening by virtue of chemistry panels ordered to monitor potassium or kidney function. The degree to which this occurs is unknown. There have been many recent publications assessing the prevalence and severity of diabetes found at systematic community-based screening. 6, 9, 10 None of these studies have examined the relationship between being enrolled in a health care system and case finding for diabetes. Our primary objective in this study was to estimate the prevalence and assess the severity of unrecognized diabetes in the setting of opportunistic screening, that is, among medical center outpatients.
METHODS

Patients
We identified all patients aged 45 to 64 who had kept an outpatient visit at the Durham Veterans Affairs Medical Center (DVAMC) between October 1996 and March 1999. We sent all these patients a 1-page questionnaire that asked if the patient had diabetes and if we could contact them by telephone for a research study. Respondents denying knowledge of diabetes or``high blood sugar'' and agreeing to be telephoned were contacted for enrollment into the study.
To determine if volunteer bias affected the prevalence of diabetes in our sample, we reviewed the electronic medical records of 155 randomly selected patients who did not respond to our survey for the purposes of evaluating diabetes risk factors in these patients. Each of the 155 patients was assigned a``chart review date,'' which was the same date as the enrollment date of a randomly selected patient from our study sample. We ascertained height, weight, and presence or absence of the diagnosis of hypertension at the visit closest to the chart review date.
Diabetes Screening Protocol
We obtained written informed consent from all subjects prior to enrollment. The study and enrollment strategy were approved by the Institutional Review Board of the DVAMC. At the initial visit, we excluded patients who said they had diabetes, had had a prescription filled at the DVAMC pharmacy for a hypoglycemic medication, had a short life expectancy (incurable cancer, heart disease, or lung disease requiring oxygen), or had no easy access to a telephone. We obtained hemoglobin A1c (HbA1c) measures on all subjects. All subjects with HbA1c 6.0% were invited back for follow-up fasting plasma glucose (FPG). Additionally, a convenience sample of 160 patients with HbA1c <6.0% also received FPG at the time of HbA1c measurement.
We defined a case of diabetes as HbA1c 7.0% or fasting plasma glucose 7 mmol/L (126 mg/dL). Although screening and diagnosis of diabetes by means of HbA1c is not standard, the approach was used for 2 reasons. First, the convenience of performing a nonfasting test allowed rapid enrollment of patients into the study. Second, the nonfasting test mimics a reasonable strategy that might be used by a medical center to perform mass screening of patients whether or not they are fasting. At the conservative diagnostic cut point that we chose for further evaluation (HbA1c = 6.0%, 2 standard deviations above mean and the upper limit of normal on standard machines) and in a screening population, the sensitivity of HbA1c for the diagnosis of diabetes is 75% to 93%.
11,12
Outcome Measures and Covariates
At enrollment, we obtained multiple demographic and questionnaire measures. Having a primary care provider was assessed by patient self-report. Comorbidity and medical illnesses were assessed using the Kaplan-Feinstein comorbidity index for patients with diabetes. 13 We modified this instrument for use in patient interview format. We also obtained height and weight on all subjects, and calculated the percentage of ideal body weight using Metropolitan Life weight tables.
14 At the follow-up visit (after an HbA1c 6.0%), patients had their blood pressure (BP), fasting serum lipids, and urine albumin measured. Blood pressure was measured in the seated position by a nurse using a manual cuff.
Analysis
The target sample size of 1,255 was chosen in order to provide narrow confidence intervals (CIs) around the prevalence of unrecognized diabetes in the sample. We initially estimated the prevalence of unrecognized diabetes to be 7%; 1,255 patients were required to obtain 95% confidence intervals of 1.4% around that estimate (i.e., 5.6% to 8.4%). We measured the prevalence of unrecognized diabetes in the sample by dividing actual cases identified by the total number in the sample. Descriptive statistics were computed for all variables of interest. Bivariate comparisons were performed using t tests for continuous variables, and c 2 for categorical variables. We performed multivariable modeling for categorical outcome variables using logistic regression. All analyses were performed using the SAS analysis system (SAS Institute, Cary, NC).
RESULTS
Subjects
The numbers of patients passing through each phase of the enrollment protocol is shown in Figure 1 . Of the 11,145 letters that were mailed and delivered, 4,994 (45%) subjects responded. Of these, 1,085 subjects (22%) reported having diabetes, and 529 surveys (11%) were incomplete or otherwise ineligible, leaving 3,380 eligible for the study. In order to enroll 1,255 patients into the study, we contacted 1,452 (43% of eligible respondents) patients. The remaining 1,928 patients were either not successfully contacted after at least 3 phone calls were attempted and a follow-up letter was sent, or no attempt was made to contact them because the target sample size had been achieved. Two subjects were later found to have known they had diabetes and were excluded, leaving 1,253 patients.
The baseline demographic and clinical characteristics of the 1,253 enrolled patients are described in Table 1 . Our sample had rates of diabetes risk factors similar to those of the general population of the American South. Approximately 29% of subjects described their race as AfricanAmerican, and 60% were over 120% of their ideal body weight. Self-reported HTN was present in 53%, and 34% had moderate or severe comorbidities as measured by the Kaplan-Feinstein comorbidity index.
Prevalence of Unrecognized Diabetes
Of the 1,253 subjects enrolled, 258 (21%) had HbA1c 6.0%. Of these, we obtained data adequate to make or dismiss a diagnosis of diabetes for 238 (92%) (see Fig. 1 ). Thirty-two subjects had FPG 7.0 mmol/L and 6.0% HbA1c 6.9%; 19 subjects had HbA1c 7.0% and FPG 7.0 mmol/L; and 2 patients had HbA1c 7.0% and FPG <7.0 mmol/L. Two subjects had HbA1c 7.0% and no FPG. These 55 patients were identified as cases of unrecognized diabetes. In addition, of the 160 patients with HbA1c <6.0% selected to have FPG, 1 (0.6%) had an FPG = 7.0 mmol/L and was defined as a case of unrecognized diabetes. Thus, the demonstrated prevalence of unrecognized diabetes in the sample was 4.5% (95% CI, 3.4% to 5.7%).
Factors Associated with Unrecognized Diabetes
Three variables were associated with unrecognized diabetes in bivariate analyses ( Table 2) . Two of these remained significant in multivariable logistic models, while the third was close to statistical significance. These were: self-reported hypertension (adjusted odds ratio [OR], 2.5; P = .004); weight >120% of ideal body weight (adjusted OR, 2.2; P = .02); and self-reported history of a parent or sibling with diabetes (adjusted OR, 1.7; P = .06). All other measured variables, including race, were not associated with unrecognized diabetes in our sample. The prevalence of unrecognized diabetes was very low (0.5%) for patients with none of the 3 risk factors, and increased to as high as approximately 10% for patients with all 3 risk factors.
Having a primary care doctor, either at the DVAMC or anywhere, did not raise or lower the risk for unrecognized diabetes in bivariate analyses. However, it is possible that this lack of association was confounded by a higher prevalence of diabetes risk factors (hypertension, obesity) in the population reporting primary care, so that effective screening for diabetes in primary care would be balanced by higher risk. To assess this confounding, we entered primary care status into the logistic regression model along with the 3 known risk factors. Primary care status was not associated with unrecognized diabetes even after controlling for other risk factors (P = .92; Table 2 ).
To assess the potential effect of volunteer bias, we reviewed the medical records of a random sample of 155 patients who did not respond to our survey. Of these, 21(14%) had diabetes. Because responders who acknowledged diabetes were excluded from our study, we excluded these patients from the analysis of nonresponders. Of the remaining 134, we obtained blood pressure measurements for 130, of whom 71 (55%; P = .72 for the difference compared to our sample) had hypertension recorded in their medical records. Of the 134, 89 had a height and weight on their medical record for the time frame of enrollment for our study. Of these 89, 41(46%) had weight greater than 120% of their ideal body weight (P = .01 for the difference compared to our sample). Thus, patients in our study sample were slightly more likely to be overweight than were nonresponder patients.
Clinical Status of Patients with Unrecognized Diabetes
The clinical status of patients diagnosed with diabetes at screening is shown in Table 3 . Of the 56 subjects diagnosed with diabetes, 23 (41%) had HbA1c 7.0%, implying that their hyperglycemia was at a level warranting treatment. We obtained blood pressure measurements on 51/56 patients diagnosed with diabetes at screening. Of these 51, 25 (49%) had BP greater than 140/90, and 13 (25%) had BP between 140/90 and 130/80. Thus, three quarters of patients warranted tighter BP control. We also obtained fasting serum lipid fractions on 39/56 patients diagnosed with diabetes at screening. Of these, 7/39 (18%) had low-density lipoprotein (LDL) cholesterol >130 mg/dL, including 1 subject with LDL >160.
To illustrate the immediate impact of diabetes screening on disease treatment, we defined a subject with newly diagnosed diabetes as having a``treatment-altering diagnosis of diabetes'' if the subject met 1 of 3 clinical criteria. Each of these clinical criteria represents a threshold at which evidence suggests that the diagnosis of diabetes will either initiate the treatment of blood sugar, 15, 16 or change the treatment of comorbid illness, i.e., hypertension and hyperlipidemia. 17±21 If the comorbid illness was severe enough to require treatment in the absence of diabetes, this was not considered a``treatment-altering diagnosis.'' The criteria were: HbA1c >7.0%; systolic blood pressure between 130 and 140 mmHg (without diastolic >90) or diastolic blood pressure between 80 and 90 mmHg (without systolic >140); and LDL between 130 and 160 mg/dL. By these criteria, 61% of patients diagnosed with diabetes had either hyperglycemia, HTN, or hyperlipidemia whose ideal management would be altered by the diagnosis of diabetes (Table 3) . Of the 42 patients diagnosed with diabetes who identified a primary care physician, 23 had a treatment-altering diagnosis. This percentage was no different from that for patients reporting no primary care provider (P = .20).
DISCUSSION
In a population of patients enrolled at the Durham VA Medical Center we found a prevalence of unrecognized diabetes of approximately 5%. The prevalence is similar to that seen in men age 45 to 64 in the Third National Health and Nutrition Examination Survey. 9 This prevalence suggests that there is opportunity for diabetes case-finding even in populations receiving medical treatment. The majority of these patients with diabetes diagnosed at screening have disease severe enough that they can potentially benefit from the diagnosis by altered treatment of diabetes or more intense treatment of hypertension or hyperlipidemia.
While the prevalence of unrecognized diabetes in our clinic population was similar to that found in the community, the frequency of comorbid illness was higher in our cohort than in the community. For example, the prevalence of pre-existing HTN was much higher in our sample than in the Atherosclerosis Risk in Communities Study (ARIC) population (53% vs 30% in ARIC). 10, 22 This relatively high prevalence and severity of disease suggest that for diabetes screening, opportunistic screening may be preferred to community screening because follow-up can be obtained more easily without a compromise in yield from the screening strategy. However, this assumes that the follow-up obtained is adequate and helpful to the patient. We are currently following this cohort of patients to determine the quality and success of follow-up of the newly diagnosed patients. We also found that the prevalence of unrecognized diabetes is very low in the absence of 3 associated risk factors: hypertension, obesity, and family history. This suggests that these associated risks could be used to select patients to increase the yield for diabetes screening. Health care providers or public health organizations that wish to undertake systematic screening for diabetes may concentrate resources by exempting patients without any of these associated risks from any screening protocol, because the yield of cases will be low (<1%) in these patients.
The finding that coincident hypertension and obesity are the 2 strongest risk factors for diabetes reinforces the concept of the``metabolic syndrome.'' 23, 24 The metabolic syndrome is the clustering of obesity, insulin resistance, hypertension, hypercoagulable state, and atherogenic lipid profile with exceedingly high risk for cardiovascular outcomes. The fact that the 2 strongest risks for unrecognized diabetes are part of this profile further increases the likelihood that patients with unrecognized diabetes have the potential for improved cardiovascular outcomes after recognition and treatment of diabetes and its comorbid conditions. In classical clinical epidemiology, 5 conditions must be met if screening for a particular disease is to benefit society. 25 With a heavy burden of disease, effective diagnostic testing, and a long asymptomatic phase of disease, diabetes meets the first 3 of these criteria. The other two criteria, ability of the health care system to manage additional cases of the disease and demonstrated effectiveness for early treatment, remain to be determined. Our study shows that the majority of outpatients with diabetes found at screening have reasonable expectation of benefiting from a change in their medical treatment. This frequent need for treatment is necessary but not sufficient evidence to support routine screening for diabetes. The evidence is not sufficient because patients identified by screening early in the course of their diabetes may or may not derive the same benefits from treatment of diabetes and comorbid HTN or hypercholesterolemia as patients with either symptomatic or advanced diabetes. However, in the U.K. Prospective Diabetes Study Group, which showed improved outcomes with treatment of blood pressure and blood sugar in a population of patients treated at the time of diagnosis, 29% of the patients were diagnosed at asymptomatic screening. 26 This provides a hint that treatment of early diabetes may be as effective as treatment of diabetes at its usual time of diagnosis. Other important findings of our study include the fact that the prevalence of undiagnosed diabetes is unrelated to whether patients are receiving primary care. This suggests that primary care providers do not systematically screen for diabetes, which is in keeping with the lack of firm evidence supporting screening at this time. Finally, because patients do not always present to the medical center in the fasting state, it is important for opportunistic screening protocols to begin with a sensitive nonfasting test. We show that a pragmatic screening protocol beginning with HbA1c testing and using a low threshold for further evaluation can detect a large number of cases in a screening protocol.
There are significant limitations inherent in our study. We were unable to preselect patients randomly for the study. Nonresponders were slightly less likely to be obese than were patients in our study sample, suggesting that patients with reason to be concerned that they had diabetes may have volunteered for the study. This nonresponse bias may also have occurred for a risk factor we were unable to ascertain from medical records, family history of diabetes. It is therefore possible that the actual prevalence of unrecognized diabetes at the DVAMC may be slightly lower than our measured prevalence. In addition, users of VA Medical Centers have a greater burden of disease than do patients in other health care systems, 27 and conclusions may not generalize to patients of other health care providers. A second limitation is that our definition of diabetes was pragmatic, and so we may have missed a few patients with diabetes and subdiabetic fasting glucose levels (e.g., normal FPG, HbA1c between 6% and 7%, but elevated 2-hour post-load glucose). However, our screening algorithm reflects a clinical approach that can be easily generalized to most medical center situations. Finally, we had inadequate power to detect the influence of weaker risk factors. For example, there was a noticeable difference in the prevalence of heart disease between patients with and without unrecognized diabetes (45% to 36%) but this difference was not statistically significant. A multi-site study would be necessary to overcome this limitation. This study does not prove that screening for diabetes is an effective or cost-effective intervention. However, our results demonstrate that there is room for diabetes casefinding within medical centers. Our data also point to the potential usefulness of screening patients for diabetes in order to identify patients at high risk for cardiovascular disease so that they can have more aggressive cardiovascular risk reduction. Longitudinal studies are needed to confirm the effectiveness of such a screening strategy.
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